Study on Microstructures and Mechanical Properties of Ti-Ta based Alloys for Biomedical Applications by 王云能
 











Study on Microstructures and Mechanical Properties of 
Ti-Ta based Alloys for Biomedical Applications  
 
 
王 云 能 
 
指导教师姓名： 刘兴军 教授 
               马云庆 教授 
专 业 名 称： 材料学 
论文提交日期： 2011 年   月 
论文答辩日期： 2011 年   月 
 
 


































































































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




声明人（签名）：             






















（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 






声明人（签名）：             




















合金主要为 Ni-Ti 基合金，然而 Ni-Ti 合金存在潜在的 Ni 离子毒性的问题，因此，
研究开发新型生物医用无 Ni 钛合金成为当前的一个研究热点。本论文系统地研
究了新型生物医用 Ti-Ta 和 Ti-30Ta-Nb 合金的微观组织结构和力学性能等，并在
所获得的结果上添加 Si/Zr 第四组元，以进一步优化改善上述合金的性能。 
研究表明：Ta 对 Ti-xTa(x = 30-65, wt.%,下同)合金的组织和力学性能影响明
显。其中 x = 30 和 x = 40 合金均为 α'' 单相，x = 55 合金主要为 α'' 相和少量 β 
相，而 x = 65 合金则为主要 β 相和少量 α'' 相。随着 Ta 含量的增加，合金出现两
个弹性模量的极小值，分别为 x = 30和 x = 65，其中 x = 30的弹性模量仅为 53GPa。 
Nb 对 Ti-30Ta-xNb(x = 12-30)合金的组织和力学性能有较大的影响。当 x≤15
时，合金为单一 α'' 相，当 x≥27 时，合金为单一 β 相，当 x 从 15 到 24，合金组
织则从主要是 α'' 相和少量的 β 相过渡到主要 β 相和少量 α'' 相。随着 Nb 含量的
变化，合金在 x = 21 出现弹性模量的极小值，为 60.95GPa。合金力学性能的变
化主要是由合金的微观组织、相组成及其含量和各相的晶胞参数等综合作用的结
果。 
微量 Si 对 Ti-30Ta-18Nb-xSi(x = 0.1, 0.2, 0.3)合金的组织和力学性能也有明
显的影响。当 x = 0.1 时，有(Ti, Ta, Nb)3Si 相析出，且其含量和颗粒尺寸随着 Si
的增加而逐渐增加。另一方面，随着 Si 含量的增加，合金的抗拉强度逐渐升高，
到 x = 0.3 达到 617.22MPa。经过时效后所有的合金的抗拉强度都有了很大的提
高，其中 x = 0.3 更是达到 851.65MPa。 
Zr 对 Ti-30Ta-18Nb-xZr(x =0-9)合金组织和力学性能也有较大的影响。当 x≤3
时，合金主要为 α'' 相和少量的 β 相，当 x≥6 时，合金为单一 β 相。随着 Zr 含
量的增加，合金的抗拉强度逐渐升高，到 x = 9 时达到 645.3MPa。经过时效后所















金的弹性模量随着 Zr 含量的增加而先下降后上升，在 x = 3 时达到 小。与传统
医用植入材料及有报道的钛合金相比，x = 3、x = 6 和 x = 9 的高强度和低模量达
到了很好的匹配，具有发展成为生物医用高强度低模量钛合金的良好潜力。 
 
















Titanium alloys have been widely studied and used in clinics due to the similar 
Young’s moduli to bone, excellent biocompatibility, mechanical properties and 
corrosion resistance in biological environment. Until now, Ni-Ti alloys are the mainly 
used as biological materials. However, it is necessary to develop Ni-free Ti-based 
alloys for biomedical applications to avoid the potential Ni-hypersensitivity in Ni-Ti 
alloys. So the research of new Ni-free Ti-based alloys is one of the challengeable 
works. In this paper, the microstructures and mechanical properties were 
systematically studied in new Ti-Ta and Ti-30Ta-Nb alloys for surgical implants. 
Based on the obtained results, Si/Zr alloying elements were added in order to further 
improve the properties of the studied alloys. The detail of the results are described as 
follows: 
The microstructures and mechanical properties of Ti-xTa(x = 30-65) alloys were 
greatly affected by Ta content. x = 30 and 40 alloys exhibit single α'' phase, and x = 55 
alloy shows mainly α'' and a little β phases, whereas x = 65 exhibits mainly β and a 
little α'' phases. With increasing Ta content, there are two minimum values of Young’s 
moduli, which are x = 30 and x = 65, respectively. The lowest Young’s modulus is 
53GPa when x = 30. 
The microstructures and mechanical properties of Ti-30Ta-xNb(x = 12-30) alloys 
were also greatly affected by Nb content. When x ≤ 15, the alloys exhibit single α'' 
phase, whereas alloys show single β phase when x ≥ 27. When 15 < x < 27, the 
microstructures of the studied alloys gradually transform from mainly α'' and a little β 
phases to mainly β phase and a little α'' phases. With increasing Nb content to 21%, 
there is a minimum of Young’s modulus of about 60.95GPa. The varieties of 
mechanical properties of Ti-30Ta-xNb alloys were resulted from the integrated actions 
of the microstructure, phase relationship and lattice parameters. 















obviously affected by adding slight alloying element Si. The results show that when 
adding Si, (Ti, Ta, Nb)3Si precipitation were formed. Its content and grain size 
gradually increase with increasing Si content. On the other hand, the tensile strength 
gradually increases with increasing Si, which is up to 617.22MPa when x = 0.3. And 
the tensile strength further increases after aging, which is up to 851.65MPa when x = 
0.3. 
The microstructures and mechanical properties of Ti-30Ta-18Nb alloy can be 
also affected by adding alloying element Zr. When x ≤ 3, the alloys exhibit mainly α'' 
and a little β phases, whereas when x ≥ 6, the alloys show the single β phase. The 
tensile strength gradually increases with increasing Zr, which is up to 645.3MPa when 
x = 9. Additionally, the tensile strength further increases after aging, which is up to 
800.71MPa when x = 9. On the other hand, the Young’s modulus gradually decreases 
to the minimum values with 3% of Zr content.  
Comparing with the traditional implant alloys and other new developed high 
strength low moduli titanium alloys, Ti-30Ta-18Nb-xZr(x = 3, 6, 9) alloys have a good 
properties combination of high strength as well as low Young’s moduli, showing the 
great potential as new Ni-free Ti-based biomedical alloys. 
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总数已达 6.29 亿，平均每 10 个人中就有一位 60 岁或 60 岁以上的老人。仅在我
国，60 岁以上的老年人就已达 1.32 亿。到 2050 年，全球 60 岁以上的老龄人口







含碳量低的 SUS316L 不锈钢。随后开发的 Co-Cr 系合金具有优良的耐磨性，目
前主要应用体系有：铸造用 HS-21、加工用 HS-25 和 Co-Ni-Cr-Mo(MP35)合金[2]。
40 年代初期，Bothe 等发表了有关多种金属种植体与骨之间反应的文章，其研究
结果表明钛与骨之间没有任何不良反应[3]，至此将钛引入生物医学领域。50 年代
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